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Abstract
Smooth muscle presents several unique contractile properties
when compared to striated muscle. Data suggests that differential
remodeling of the alpha-actin and beta-actin and the regulation of
such remodeling may play an essential role in smooth muscle
contraction. At rest both alpha- and beta-actin both exhibit a cable-
like appearance. During contraction, alpha-actin appears to
undergo significant remodeling with dissolution on the majority of
the cables and the formation of podosomes where it demonstrates
co-localization with myosin while beta-actin retains a cable-like
appearance. While the remodeling of the two actin domains has
been characterized under normal gravity little is known regarding
cytoskeletal dynamics in A7r5 smooth muscle cells. A7r5 cells will
be subjected to the microgravity environment of the International
Space Station. We speculate that the absence of gravity as an
organizing force on biological structures may produce different
effects than what is observed on Earth. In collaboration with
SpaceTango Inc., a cell culturing module has been engineered that
will allow the cells to ascend into space and maintain homeostasis
while on orbit. The module will also administer phorbol ester, a
contractile stimulant, followed by acetone to “fix” the cells in their
contracted state so observations can be made about the
aforementioned processes when they return from orbit.
Figure 4: CAD design of the cell culturing module, engineered by SpaceTango Inc. The module consists of 
a culture chamber, fluid exchange system, gas exchange system, and imaging system housed inside a 
Double CubeLab. All systems work together to allow for all phases of the experiment to be carried out 
during launch, in the microgravity environment of space and during the return trip, including media 
replacement, addition of phorbol ester, acetone fixation, waste removal and observation. 
Smooth muscle cells exhibit several unique properties that
separate it characteristically from striated muscle. The myosin
content of smooth muscle may be as little as 20% that of striated
muscle, yet smooth muscle is capable of generating at least as
much force as striated muscle (Murphy et al., 1974). In addition to
structural considerations, smooth muscle has the unique ability to
slowly develop tension and then maintain this tension for extended
periods. Also noteworthy is the finding that phorbol ester-induced
contraction of smooth muscle can occur in the absence of a
detectable increase in intracellular calcium (Nakajima et al., 1993)
or concomitant increased myosin light chain phosphorylation
(Singer and Baker, 1987).
We have shown that A7r5 cells contract to both the elevation of
intracellular calcium and to phorbol ester (Fultz et al., 2000). Prior
to contractile stimuli, alpha-actin and beta-actin form densely
packed parallel arrangements of stress cables that extend across
the cell body. During the interval of cell contraction, beta-actin
cables shorten without visible evidence of disassembly or new
cable formation. By comparison, shortly after contractile stimuli
the majority of alpha-actin cables disassemble and reform into
intensely fluorescing column-like structures extending vertically
from the cell base at the center of clusters of randomly oriented
alpha-actin filaments. The alpha-actin columns of contracting cells
show strong co-localization of alpha-actin.
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Figure 3: Flow chart illustrating the procedure that will be followed during SpaceX-10 
launch and subsequent stint on the ISS.
We hypothesize that the differential remodeling 
of the alpha-actin and beta-actin cytoskeleton 
and preferential localization of myosin with 
alpha-actin provides further evidence of 
implicating the division of the actin cytoskeleton 
into a contractile role (alpha-actin) and a role to 
hold the cell in the shortened configuration 
(beta-actin).
Figure 1: Comparison of alpha-actin (top row), beta-actin (middle row) and 
myosin (bottom row) in a relaxed cell and a contracted cell that underwent 40 
minutes of PDBu stimulation. 
Figure 2: Shortening of beta-actin cables during stimulated contraction. 
Graphic 3: The Double CubeLab designed by
SpaceTango Inc., housing the smooth muscle
experiment. Some of the systems shown
include the fluid exchange system, gas
exchange system, and parts of the cell
culturing platform. Source: SpaceTango Inc.
Graphic 2: SpaceX’s Falcon-9 rocket on launch pad
39A at the Kennedy Space Center, two days prior to
the February 19th, 2017 launch. The Dragon module,
containing the experiment, was launched to the ISS as
part of CRS-10. Source: Gentry Barnett.
Graphic 1: The 
launch of SpaceX’s 
Falcon-9 rocket, 
carrying the 
Dragon module, on 
February 19th, 
2017. Source: 
NASA.
